The multifidus muscle plays a role in controlling lumbosacral position and postural sway. One of its attachment sites is the exact site of spina bifida occulta (SBO). Objective: To investigate the role of the muscle for postural control in SBO. Design: Cross-sectional cohort. Participants: Eighty subjects with SBO (38 in minor; 42 in major) and controls. Interventions: N/A. Main Outcome Measures: Subjects stood upright on a platform at 0º and on an inclined surface (10º and 20º) with feet in plantarflexion/dorsiflexion, together with eyes open and closed. The platform system measured posture to obtain sway area and sway mean for statistics. Results: Upon sway area/mean, the group differences of major/minor SBO vs. control were all significant. Sway means of minor SBO were lower than those of major SBO at corresponding inclined degrees. Conclusions: Subjects with SBO demonstrated increased sway as compared to controls. Keywords: multifidus, area, sway mean, proprioception Spina bifida occulta (SBO) is the result of an abnormality in the posterior arch formation due to nonfusion of vertebral arches, 1 which is most commonly found at the level of the lumbosacral vertebra and often appears in late childhood and in adulthood.
Spina bifida occulta (SBO) is the result of an abnormality in the posterior arch formation due to nonfusion of vertebral arches, 1 which is most commonly found at the level of the lumbosacral vertebra and often appears in late childhood and in adulthood. 2 On radiologic images, SBO presents as a fissure or gap in the midline of a vertebral body. There has been increasing evidence to link SBO with lumbar spondylolysis or lumbar disc/vertebral pathology. 3 Evidence from an archaeological study in ancient people, measurements of the spinal canal proximal to the SBO lesion from L1 to L5 have demonstrated significantly larger dimensions in midsagittal diameter at L4 or L5 and cross-sectional area at L5 than those of L4 or L5 with unaffected spines. 4 Also there is a higher incidence of posterior disc herniation in patients with SBO-S1. It is thought that SBO-S1 results in an instability of the base of the lumbar spine leading to a predisposition to posterior disc herniation. 5 Two of the latest reports also confirmed the relationship between SBO and backache when evaluating the values of pain scale 6 or when experiencing aching with vigor-ous activity. 7 However, there is limited documentation describing function of the neighboring musculature lying just above the bony defect.
The lumbar multifidus muscle, one of the back extensor muscles, located deep in the trunk, plays an essential role in trunk stability. 8 Importantly, one of the attachment sites of the multifidus muscle is this exact site of SBO. The multifidus consists of a series of fascicles, which are segmentally arranged in five groups. Each lumbar vertebra is endowed with a group of fascicles that radiate from corresponding spinous process, anchoring it below to mamillary processes, the iliac crest and the sacrum. 9 Several studies consider the superficial fibers and the deep fibers of the multifidus muscle as performing different functions. Although all lumbar muscles contribute to stability of the lumbar spine, there is strong evidence in biomechanical studies that the lumbar multifidus muscle controls spinal motion. Of the muscles examined, multifidus muscle contributes about 2/3 to the stiffness at L4/5, 10 and in vitro studies 11, 12 contraction of the multifidus muscle increases intervertebral stiffness at an injured lumbar segment. Thus, the multifidus muscle has the capacity to control motion of a lumbar segment and restore control of segmental motion following injury.
It is agreed that the lumbar multifidus, like erector spinae, has been shown to be active in any posture that requires lumbar extension. In general, electromyographic activity of the multifidus has been shown to be affected by gesture, trivial changes in standing position. For instance, a previous report demonstrated minimal intermittent activity of multifidus during quiet standing in 14 subjects and no activity in three subjects. 13 A recent study investigated different upright sitting postures and reported altered trunk muscle activation in healthy subjects during different positions. There was significantly higher superficial lumbar multifidus and internal oblique activity during lumbopelvic upright sitting, when compared with thoracic upright sitting. 14 There has been much evidence for a strong relationship between lower back pain and multifidus muscle dysfunction. [15] [16] [17] [18] Two articles studying the multifidus muscle in patients with lumbar disc herniation or lower back pain demonstrated an atrophy of type 1 and type 2 fibers with structural changes in the muscle at the involved level, 19 and a significant reduction of the cross-sectional surface area of the muscle in association with pain duration. 20 Figure 1 demonstrates our interpretation of multifidus function and postural control.
Although the multifidus muscle has been studied extensively, its potential role in the performance of proprioception in the low back is uncertain. It is generally agreed that proprioception is comprised of sensory input from various sources including muscle spindles, joint capsule, tendons, and ligaments. 21 Likewise, sensory information can signal back to the central nervous system to augment the proprioceptive acuity for precise performance in daily living or sports activities. The loss of proprioceptive control has been demonstrated to be associated with low back pain populations. [22] [23] [24] For instance, O'Sullivan et al 24 provide evidence of a deficiency in lumbar proprioceptive awareness in subjects with lumbar segmental instability, whose lumbosacral repositioning error was significantly greater than a control group, and who had difficulty repositioning the lumbar spine to neutral spinal posture while seated.
Unfortunately, there has been no precise anatomic/structural evidence to point out any proprioceptive impairment as yet in the literature except for the following facts provided by physiological evidence. Brumagne et al 25, 26 deeply vibrated the multifidus muscle to alter the afferent spindle inputs in adult subjects in sitting positions and demonstrated that vibration largely affects repositioning accuracy with significantly lower proprioceptive acuity in patients with back pain than in healthy subjects. They concluded that there is a positive relationship between stability of the lumbar spine and proprioception provided by the muscle, and the muscle spindles in the multifidus muscle should play an important role in the lumbosacral position sense.
Literature has supported that an attachment absence of a muscle and/or a tendon will result in a loss of proprioception. [27] [28] [29] We hypothesized that muscle dysfunction due to an attachment defect in a bony cleft would result in proprioceptive deficit and might create distortion to affect the positional change. To the best of our knowledge, there have been no papers describing the relationship between SBO and the multifidus muscle, taking into consideration the role of the muscle attachment defect contributing to the spinal instability ( Figure 1 ). The purpose of this study was to measure if lumbar proprioception, as assessed via postural sway, is impaired in subjects with SBO when compared with asymptomatic controls. There is strong evidence that spina bifida occulta (SBO) usually results in lumbar disc/vertebral pathology or even low back pain (1) . The multifidus muscle is located deeply in the trunk; one of the attachment sites is the exact site of SBO. Literature regarding biomechanical study has confirmed a strong relationship between low back pain and multifidus muscle dysfunction; for instance, disc pathology in lumbosacral spine will result in abnormality in the multifidus muscle (2) . There is a positive relationship between stability of the lumbar spine and proprioception provided by the muscle spindles of the multifidus, which play an important role in the lumbosacral position sense (3). The loss of proprioceptive control has been associated with low back pain or spine/disc pathology (4). It has been confirmed that an attachment absence of a muscle and/or a tendon may result in a loss of proprioception. Unfortunately, there is lack evidence of relationship between the SBO and the multifidus muscle (5) , and the likelihood of proprioceptive impairment resulted directly from SBO or indirectly via multifidus muscle remains unknown (6) .
Materials and Methods

Subjects and Control Groups
Subjects with SBO were surveyed in our hospital between September 2000 and February 2004. The exclusion criteria were remarkable scoliosis, foot shape/formation malformations, sensory impairment, cutaneous stigmata in the form of lipoma, tufts of hair, or dermal sinuses on the back, history of surgery in lower trunk or pelvis, history of rheumatologic or immune disorder(s), pathologic conditions in the lumbosacral spine from previous computed axial tomography (CAT) scan or magnetic resonance imaging (MRI), such as posterior or ectopic herniation of an intervertebral disc, spondylolysis, or spondylolisthesis, tethered cord syndrome or spinal lipoma. To exclude some hidden or new onset injuries in the back or spine, we checked all of the cases using MRI or CAT scan before testing.
We enrolled 80 subjects (73 male, 7 female) aged 19 to 32 years. A radiologist from our hospital surveyed the conventional radiographies of the lumbosacral spine of all participants, who were then divided into 2 experimental groups according to the radiologic characteristics of SBO, that is, minor or major bony defects/clefts. Subjects with any of the four types of L5 and/or S1 SBO as described by Fidas et al 30 were included in the minor group. Subjects with defects involving S1, S2, and/ or L5, combined with a high level of opening of the posterior sacral arc in S3 (eg, SBO in the entire sacrum) were included in the major group ( Figure 2 ). Of them, the minor group included 38 subjects aged 20 to 26 years (median age, 22.6 years; body weight, 53.6 ± 5.8 kg), and the major SBO group included 42 subjects aged 19 to 32 years (median age, 23.4 years; body weight, 54.6 ± 4.1 kg). A total of 35 healthy subjects (30 male, 5 female) aged 18 to 28 years (median age, 23.2 years; body weight, 57.6 ± 2.6 kg) were enrolled as a control group.
The pain and disability were evaluated on the 10-cm visual analog scale (VAS) for pain and the Oswestry Disability Index (ODI) for disability before testing. The ODI consists of 10 sections addressing the different aspects of function. The final ODI score was calculated as following: ODI score = (5× number of checked items/ maximum possible score) × 100. 31 All participants provided written informed consent, and the human ethics committee of our medical center approved this study, which conformed to the principles of the Declaration of Helsinki.
Study Design
We conducted this cross-sectional cohort study with repeated measurements to evaluate sway parameters at 0° (baseline on level surface) and at two inclined positions with the platform at 10° and 20° degrees. The orthostatic assessment of posture in an upright position has been demonstrated strongly to be correlated with proprioception feedback. Afferent input provides needed information to adjust visual feedback to the orientation of the body segments during a platform translations; 32 therefore, joint position sense and postural sway can be used as measures of proprioception performance. 33 Based on the fact that upright posture is strongly correlated with proprioception, [34] [35] [36] we measured postural sway in our study. Any one of the three situations, eg, foot position, inclined plane, and visual input, may be a contributing factor to the final oupute;
37-40 therefore, we considered the variances of age, gender, visual input, foot position, and inclined angles in our analyses.
Data were collected by having the participants stand upright on two legs in a relaxed manner on a firm surface. All participants were barefoot and permitted to choose a comfortable foot position with the soles of their feet opened at an angle of about 30°. Postural sway was tested by asking the subject to stand upright, on a force platform at 0° for 60 seconds, with the subject's eyes open and with their eyes closed. Subjects were asked to stare at a cross sign in front of them during testing.
Postural sway was then measured under eight support-surface conditions. The experimental inclined angles were created by inclining the platform. An angleadjustable frame was fabricated to control a platform to disrupt proprioceptive input for postural control (in the sagittal direction). Subjects were instructed to stand upright on the platform inclined at 10° or 20° with their ankles in plantarflexion or dorsiflexion. Dorsiflexion was achieved by having the subjects turn on the platform 180° relative to their original position. Each condition was tested twice for 60 seconds, once with the subjects' eyes open and once with their eyes closed. All participants were allowed to rest for 3 to 5 min after each test and were tested individually for approximately 40 to 50 min. This procedure was the same as that Després et al described, 37 except that we used an inclined surface rather than a foam pad. Standing upright on an inclined platform can disrupt the proprioceptive feedback of postural control.
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Outcome Measurements
Analysis of postural sway was performed using a portable CATSYS force platform system (Danish Product Development, Denmark), which is based on a data logger to communicate with a computer via a serial cable, and records signal data from a force plate by means of test software. This platform has been shown to be a reliable and reproducible method of measuring postural sway in static situations. 37, 41 Using this system, four parameters of sway measurements were obtained. Other dependent measures have been previously reported, 42 and this article presents the results of sway area and sway mean. Postural sway including sway area [43] [44] [45] [46] [47] [48] and sway mean 49, 50 have been previously documented. The definitions of the sway parameters followed that described by Després et al 37 and Nadeau. 41 The sway area is defined as the area of the smallest polygon that includes the total trajectory of the force center in the horizontal force plate plane. The sway mean is defined as the simple mean of the distance from the geometrical mean force center position to all recorded force center positions during the test. Sway area and mean have been known to be able to reflect the function of postural sway.
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Data and Statistical Analyses
The analysis of variance (ANOVA) model analyzed all baseline correspondings in 10-cm VAS and ODI within group comparisons. We used generalized estimating equations (GEEs) to assess the association of interests (group effects, inclined effects, and group-by-degree effects) and to adjust the correlations from repeated measurements in the same subjects obtained under different conditions (inclinations of 10° vs. 0° and 20° vs. 0°, plantarflexion vs. dorsiflexion, and eyes open vs. eyes closed) as well as adjusted for potential confounders (age and gender). The assumption of sphericity could not be assumed; 51 therefore, we used GEE for statistics to analyze the correlation structures among the values, including the ability to estimate the correlation structure rather than make assumptions. 52, 53 All data analysis were assessed with PROC GENMOD (SAS, v9.13, Carry, NC, USA). A P value of 0.05 or less indicated a statistically significant difference.
Results
As shown in the Table 1 , there were significant differences in VAS and ODI within the three groups (< 0.0001). The reliability of the ODI was acceptable because the small standard deviation; however, in the GEE models, after the adjustment together with the other covariates, there were nonsignificant differences within the three groups. The P values were P = .9087 and P = .7733 for VAS and ODI when analyzing sway areas, and P = .7709 and P = .6795 for VAS and ODI for sway means, respectively. The relationship between sway mean and subject groups varied depending on the inclination, but this was not the case for sway area. Sway mean was the only parameter correlated with the subject's age.
Sway Area
After we adjusted for age, gender, pain, disability, and interaction effect (groupby-inclined degree), we found that group, inclined degree, eyes (open vs. closed), and flexion (plantarflexion vs. dorsiflexion) were significantly associated with sway areas (Table 2, Figure 3) . Compared with the control group, major SBO and minor SBO groups had 300.6 mm 2 , and 155.4 mm 2 higher sway area over the study period (at 0°, 10°, and 20°), respectively (Tables 2 to 3; Figure 3 ). In contrast, the variation of sway area within each group at 10°and 20° were 36.5 mm 2 and 28.7 mm 2 higher than that of 0° (Tables 2 to 3 ; Figure 3) . Further, open eyes and plantarflexion had 143.7 mm 2 and 21.0 mm 2 lower sway area than their own comparisons' sway areas (closed eyes, dorsiflexion), respectively ( Table 2 ). The extent of sway area increased significantly when subjects stood with the platform inclined at 10° and 20° when compared with neutral standing values.
Sway Mean
After we adjusted for gender, pain, and disability, we found that sway mean was associated with group, inclined degree, age, open-or closed-eyes condition, and dorsiflexion or plantarflexion, respectively ( Table 4) . As shown in the Table 4 , the relationship between sway mean and groups was found to vary depending on the Figure 3 -Sway areas of the study groups at different inclined degrees of the platform. *: significant statistically in between-group difference when compared with control, P < .05. #: significant statistically in between-group difference (minor SBO vs. major SBO), P < .05. $: significant statistically in within-group variation when compared with baseline level surface (0°), P < .05. Note. Contrasts and estimates were assessed in the GEE model listed in Table 2 by using SAS 9.13. GEE, generalized estimating equations; SE, standard error; CL, confidence limits. inclined degree. The sway mean variations (10° vs. 0°, 20° vs. 0°) of between-group differences (minor SBO vs. control, major SBO vs. control) were not significant at 10° vs. 0° in either groups (minor SBO vs. control, major SBO vs. control), There were no significant difference between the minor SBO and major SBO when compared with control at 10° vs. 0°, respectively. However there was a significant difference when 20° vs. 0° was compared in minor SBO vs. control and major SBO vs. control, respectively 0.71 mm (P = .0029) and 0.98 mm (P = .0053).
In contrast, during the eyes open condition and during the plantarflexed position sway mean was 1.04 mm lower (P < .0001) and 0.25 mm lower (P = .0001) when compared with the eyes closed and doriflexion position, respectively. The sway mean decreased with age (P = .0231).
Comparing the sway mean group differences at different inclined degrees (0°, 10°, 20°), revealed differences between the major and minor SBO groups when compared with the controls. There was a significant difference between SBO major and controls and between SBO minor and controls at 0°, 10°, and 20°, (2.25, 2.60, 3.23) and (1.23, 0.98, 1.94; P < .0001, respectively; Table 5; Figure 4) . Further, the minor SBO group sway mean were 1.02 mm (P = .0136), 1.63 mm (P < .0001), and 1.29 mm (P = .0011) lower than those of major SBO group at different inclined degrees (Table 5, Figure 4) .
As shown in the Table 5 , when comparing each group's own sway mean at 0° (within group variation), we found that the minor SBO group had significantly lower mean at 10° (P = .0374) but not significant at 20° (P = .4619). There were Note. Contrasts and estimates were assessed in the GEE model listed in Table 4 by using SAS 9.13. GEE, generalized estimating equations; SE, standard error; CL, confidence limits. no significant variations in the major SBO group at 10° vs. 0° and 20° vs. 0°, respectively. Although the variation in the control group was not significantly decreased 0.14 (P = .2373) at 10° vs. 0°, it was significantly decreased 0.55 at 20° vs. 0° (P < .0001).
Comments
This study reports that changes in postural sway were observed on level surfaces and in stressful positions in subjects with SBO. We compared postural sway in subjects with SBO and in healthy control subjects while they maintained an upright posture in 10 experimental conditions designed to challenge the roles that vision (eyes open vs. closed) and proprioception (platform inclination and foot dorsiflexion Figure 4 -Sway means of the study groups at different inclined degrees of the platform. *: significant statistically in between-group difference when compared with control, P < .05. #: significant statistically in between-group difference (minor SBO vs. major SBO), P < .05. $: significant statistically in within-group variation when compared with baseline level surface (0°), P < .05.
vs. plantarflexion) play. From the results, we can see that sway parameters (sway area and sway mean) were associated with group, degree of inclination, open-or closed-eyes condition, and dorsiflexion or plantarflexion, respectively (Tables 2  to 5 ). The statistical evidence implies a difference between minor/major SBO and healthy controls, irrespective of considering sway area or sway mean. With respect to sway area, the differences of the minor or the major SBO groups were significantly increased at different inclined degrees (0°, 10°, 20°) when compared with the control group, where a 2-fold difference between them can be seen. With respect to sway mean at different inclined degrees, the group differences of major SBO vs. control and minor SBO vs. control were significantly increased. Further, sway means in the major SBO group were higher than those of minor SBO group. The 10° and 20° inclinations of the standing platform altered body sway area/mean values, as compared with measurements when the platform was at 0°. The statistical evidence implies a difference between minor/major SBO and healthy controls, and between minor and major SBO groups, and more significant in stressful conditions. We cannot be sure what exactly the mechanism is to explain the differences between groups but we speculate that the structural abnormalities in the lumbar spine or related structures, such as the multifidus attachment defect, might be responsible for additional loss of proprioception. It was our assumption that the greater the defect in spinal vertebra extending from one level to multiple levels, the greater the loss of proprioception of the multifidus muscle. Perhaps this was the reason why subjects within the major SBO group had significantly larger sway parameters than subjects within the minor SBO group and in the healthy control group during the upright standing tests. Our results may imply that the larger the bone defect at the lumbosacral midline, the greater the influence on postural sway during varying conditions. This was likely because of the lack of proprioceptive information resulting from the multifidus attachment defect due to SBO.
The plausible mechanism of postural imbalance is worthy of investigation. Human posture is an aggregative and complex characteristic, and postural stability can be influenced by multiple sensory inputs, including visual, vestibular, and somatosensory cues. [54] [55] [56] Humans maintain balanced posture by integrating sensory inputs to correct static and dynamic postures as well as to maintain gaze orientation. 57 According to convention, all trunk muscles have been assigned to either the local or global muscle systems: the local system ensuring stability and the global system enabling movement. 58 Local system muscles are permanently active at low levels, whereas global system muscles act to initiate movements leading to movement-dependent phasic activation patterns. There are two muscle subdivisions in the global system-the stabilizing and the mobilizing musculatures. Global stabilizers, obliquus internus abdominis and obliquus externus abdominis, execute eccentric activation to complement the function of the local system. Global mobilizers, rectus abdominis, and erector spinae initiate movement. 58, 59 In general, deep fibers of the multifidus are crucial parts of the local system, but the superficial fibers act more phasically to function like the global stabilizing muscles. 60 O'Sullivan et al 61 reported a significant increase in electromyographic activity of the internal oblique, superficial lumbar multifidus, and thoracic erector spinae muscles during active erect postures as compared with passive sway standing. They suggested that the lumbopelvic stabilizing musculature is active in maintaining optimally aligned, erect postures, within which there is a difference in the activation of specific lumbopelvic muscles in sway standing and erect postures. The positioning of the torso on the pelvis in both sagittal and coronal planes has also been proven as a primary component of postural control irrespective of standing or sitting positions. 62 Lumbar muscles generating intersegmental stiffness are considered necessary for the control of multiplanar segmental spinal motion. Somatosensory feedback is provided mostly by tactile proprioceptive receptors in the lower limb and trunk muscles. 18, 20, 62, 63 Based on the aforementioned literature about the trunk stability, we believe the leg muscles and back extensor muscles, including multifidus, play an important role in the control of posture. We speculate that the disruption of proprioceptive information by inclination for postural control might be related to an abnormality in multifidus attachment site, because the primary difference between our patients and healthy subjects was the structural abnormality of SBO.
Literature has confirmed that an attachment absence of a muscle and/or a tendon will bring out a loss of proprioception. [27] [28] [29] Proprioceptive sensors from the muscle were assumed to compensate for the lack of visual feedback when subjects stood with eyes closed or for the alteration of foot position not on level surfaces and inclined levels; however, SBO may hinder the ability of proprioceptive sensors in those stressful positions. Therefore, the postural stability of subjects with major/minor SBO when standing upright at various inclined angles was inferior to that of the control group.
The work of Brumagne et al 25 may support our findings. In their study, they confirmed a positive relationship between stability of the lumbar spine and proprioception provided by the multifidus muscle. They deeply vibrated the multifidus muscle in healthy adults to distort the afferent inputs from the muscle receptors and found that vibration induces a significant muscle-lengthening illusion, largely affects repositioning accuracy in sitting positions, and alters position sense significantly. They furthermore reported significantly lower proprioceptive acuity in patients with lower back pain by using the same methods, and concluded that muscle spindles in the multifidus muscle play an important role in the lumbosacral position sense. 26 In comparison, our study required patients to maintain an upright stance together with stressful posture (alterations in inclination) to explore the proprioceptive role of the multifidus muscle, rather than the use of vibration. Based on the results from our subjects with minor or major SBO, we indirectly demonstrated a potential role of the multifidus associated with significant differences in sway parameters on an inclined platform.
In our study, sway mean was the only parameter related to subject's age. Age seemed to be a determinant factor of abnormalities of sway parameters and was significantly different in the three subject groups. Some studies have also confirmed an increase of body sway with age. 37, 44 This is likely explained by the weaker muscle strength in the low back muscle in elderly subjects, which may cause more oscillation of the trunk. However, the likelihood of the result of loss of receptors or loss of motor programming neurons could not be ignored, but not substantiated in our study. Further studies are needed to investigate the neurophysiological characteristics of the muscle fibers of multifidus muscles in the SBO population.
There are several different characteristics in anatomy and function between the deep fibers and the superficial fibers of the lumbar multifidus. First, intramuscular EMG recordings indicate that activity of the deep fibers can be different to that of the superficial components. 64 Second, deep fibers of the multifidus stabilize the lumbar spine whereas superficial fibers function as extensors/rotators of the lumbar spine. Third, deep fibers of the multifidus have a greater percentage of type I (slow twitch) muscle fibers than superficial fibers. Fourth, deep fibers are tonically active during movements of the trunk and gait while superficial fibers are phasically active. Fifth, deep fibers of the multifidus and transversus abdominis cocontract during function. Sixth, changes in the lumbar paraspinal muscles associated with low back pain affect deep fibers more than superficial fibers. 65 A limitation of our study was that we were not able to distinguish between the different fibers of the multifidus muscle.
Conclusions
Based on our results, we found a significant difference in sway parameters between minor or major SBO compared with healthy subjects because the observed postural stability of subjects with minor or major SBO when standing upright at various inclinations was inferior to that of the control group. Maintenance of the characteristic upright posture in humans requires proprioceptive function, especially in the lower trunk. Lumbar instability due to impairment of proprioception possibly resulted from multifidus enthesis abnormality is a potential characteristic correlate of this condition in stressful positions. Our results conclude that subjects with SBO, classified as minor or major types, demonstrated increased sway as compared with controls. Proprioceptive deficits measured in this study may be related to the attachment abnormality of the multifidus muscle thought to be present in this population.
